Aims. The source AC Cnc is a nova-like cataclysmic variable containing a white-dwarf primary with a mass of 0.76 M and a K2-type secondary with a mass of 0.77 M . We intend to study its period changes and search for evidence of magnetic braking and unseen third body. Methods. The period changes were investigated based on the analysis of the O-C curve, which is formed by one new eclipse time together with the others compiled from the literature. Results. A cyclic change with a period of 16.2 yr was found to be superimposed on a long-term period decrease at a rate ofṖ = −1.24(±0.44) × 10 −8 days/year. Conclusions. It is shown that the mechanism of magnetic activity-driven changes in the quadrupole momentum of the secondary star (Applegate's mechanism) does not explain it easily. This period oscillation was plausibly interpreted by a light-travel time effect caused by the presence of a cool M-type dwarf companion (M 3 > 0.097 M ) in a long orbit (16.2 yr) around the binary. Since the masses of both components are nearly the same, the mass transfer from the lobe-filling secondary to the primary is not efficient to cause the continuous period decrease. It may be strong evidence of an enhanced magnetic stellar wind from the K2-type component. If the Alfén radius of the cool secondary is the same as that of the Sun (i.e., R A = 15 R ), the mass-loss rate should beṀ 2 = −1.65 × 10 −10 M /year. By using the enhanced mass loss proposed by Tout & Eggleton (1988) , the mass-loss rate should beṀ 2 = −1.18 × 10 −9 M /year. In this case, the Alfén radius is determined to be R A = 5.2 R . However, the long-term decrease of the period may be only a part of a long-period (>100 yr) oscillation caused by the presence of an additional body. To check the conclusions, new precise times of light minimum will be required.
Introduction
The evolution of long-period (P > 3 h) cataclysmic variables (CV) is governed by angular momentum (AM) loss via magnetic braking (Verbunt & Zwaan 1981) . However, the mechanism of magnetic braking is very complicated. It is driven by the magnetic field and stellar wind of the cool secondary component. When mass is driven off in the stellar wind, the ionized particles are forced to co-rotate with the magnetic field lines out to the Alfvén radius, which will remove AM from the secondary star and exert a braking force to slow it down. At the same time, the tidal lock of both components speeds it up and the AM is drawn from the binary orbit, causing it to shrink and the orbital period of the binary system to decrease. Therefore, the secular evolution of CVs driven by AM loss can in principle be discovered by measuring the variations in the orbital period of eclipsing CVs, and orbital period changes of eclipsing CVs are an observational probe of AM loss via magnetic braking. However, attempts to detect the long-term period decrease have been disappointing, since none of the analyzed stars presents a positive detection of an orbital period decrease (e.g., Beuermann & Pakull 1984) .
Nova-like CVs have never been observed to undergo nova or dwarf-nova-type outburst (Warner 1995) , and predominantly have P > 3 h, which implies a higherṀ 2 and thus high AM loss (Hellier & Naylor 1998) . Therefore, this type of CVs is a more effective source for detecting AM loss. AC Cnc is a Nova-like CV consisting of a white dwarf and a K2-type dwarf. The eclipsing nature, the nearly same masses for both components, and the double-lined spectrum, all suggest that it is a very interesting system to study. In the paper, orbital period variations of AC Cnc were analyzed, then based on the properties of period changes, the triplicity, the magnetic braking, and the evolutionary states of this Nova-like CV were investigated.
The light variability of AC Cnc was found by Kurochkin (1960) , who classified it as an RR Lyr-type variable with a photographic magnitude range from 13. m 8 to 15. m 2. Kurochkin & Shugarov (1980) later found it to be an eclipsing binary with a period of 7.2 h. Based on UBV photometric observations, Shugarov (1981) subsequently suggested that AC Cnc is a novalike CV. Okazaki et al. (1982) discovered broad emission lines of H and He II superimposed on a continuum spectrum, which confirmed the CV nature of AC Cnc. Later, the CV nature of the object was also confirmed by the study of Yamasaki et al. (1983) . Kurochkin & Shugarov (1981) pointed out that AC Cnc could be identified with the X-ray souce H 0850-13. Downes (1982) detected the spectrum of the secondary, which reveals it is a G-or K-type star. The first radial velocity curves for both components were obtained by Schlegel et al. (1984) , who determined the absolute parameters of the system. However, the absolute parameters of AC Cnc derived by Schlegel et al. (1984) were obtained by using emission-line radial-velocity curves that exhibit phase shifts indicating that they could be unreliable. Timeresolved spectroscopic and photometric data of this nova-like CV were recently obtained by Thoroughgood et al. (2004) who determined reliable parameters of the system.
Orbital period change of AC Cancri
Epochs and periods of the AC Cnc have been given by several authors (e.g., Kurochkin & Shugarov 1980; Shugarov 1981; Kreiner et al. 2001; Thoroughgood et al. 2004 ). However, the binary system was neglected for period study. The CCD photometric observations of the binary system were carried out on March 25, 2006 with the PI1024 TKB CCD photometric system attached to the 1.0-m reflecting telescope at the Yunnan Observatory in China. During the observation, the R filter that is close to the Johnson's standard photometric system was used. A star near AC Cnc was chosen as the comparison. Those images were reduced by using PHOT (measure magnitudes for a list of stars) of the aperture photometry package of IRAF. With those observations, one CCD time of light minimum, HJD 2 453 821.1508 ± 0.0006, was derived by using a parabolic fitting method.
Times of light minimum of this binary were compiled by Thoroughgood et al. (2004) who obtained a linear ephemeris,
After that, several new eclipse times were published by Dvorak (2005) , Krajci (2006) , and the present authors. All of the available times of light minimum of AC Cnc are listed in the first column of Table 1 . The (O−C) 1 values of those data from the linear ephemeris given by Kreiner et al. (2001) ,
were computed and are shown in the fifth column of Table 1 . Those listed in the third column of Table 1 are the observational methods where "pg" refers to photographic photometry, "Pe" to photoelectric, and "CCD" to charge-couple device photometry. The corresponding (O−C) 1 curve is displayed Fig. 1 with photographic data, and the eclipse times observed with the methods of photoelectric (Pe) or CCD (hereafter "PC") photometry, respectively. As shown in Fig. 1 , the general (O−C) 1 trend of AC Cnc may reveal a continuous period decrease. Although those early photographic data show a slightly large scatter (up to 0.
d 012), they should contribute to the general period change. By assigning a weight of 1 to the photographic observations and 5 to the PC data, a least-square solution yields
The quadratic term in Eq. (3) indicates a long-time period decrease at a rate of dP/dt = −1.24(±0.44) ×10 −8 days/year, which corresponds to a period increase of 0.107 s per century.
The (O−C) 2 values from the quadratic ephemeris are displayed in Fig. 2 . Although the (O−C) 2 values of those photographic data show a large scatter, a cyclic change may be existed, which is mainly formed by those PC observations. A least-square solution based on all PC observations leads to
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The sinusoidal term in Eq. (4) indicates a periodic change with a period of P 3 = 16.2 yr and an amplitude of A 3 = 0. d 0026. The residuals from Eq. (4) are listed in the seventh column of Table 1 and displayed in the lower panel of Fig. 3 where no changes can be traced. As shown in the upper panel of Fig. 3 , the time of light minimum, HJD 50166.4481 given by Diethelm (1996) , is important for constructing the periodic change. However, the error of the eclipse time is ±0.
d 0005 indicating that this data point is reliable. The solid line in the low panel represents a linear fit to those residuals. The slope of this line is +1.6 × 10 −8 , which is much smaller than the error of the orbital period. As shown in Table 1 , the residuals are no larger than 0.
d 0009, and the value of the sum of the weighted squares of the residuals from Eq. (4) is Σ = 0.000054 suggesting that Eq. (4) describes the general trend of the (O−C) 2 curve well.
Discussions-Mechanisms for orbital period variations

Applegate's mechanism
As shown in Fig. 3 , after the long-term period decreasing is subtracted from the (O−C) 1 curve, the (O−C) 2 residuals of all PC data suggest that there is a cyclic period variation with a period of 16.2 yr. AC Cnc is a nova-like cataclysmic variable consisting of a white dwarf primary and a K2-type secondary. One of the mechanisms that can explain that the periodic oscillation comes from magnetic activity-driven changes in the quadrupole momentum of the K2-type star, i.e., the so called Applegate's mechanism (e.g., Applegate 1992; Lanza et al. 1998 ). According to this mechanism, the redistributions of angular momentum within the K2 component could cause the changes in the quadrupole momentum and then result in the variations of the orbital period. Here, given the model proposed by Applegate (1992) , we investigate the mechanism in detail. The amplitude of the orbital period oscillation was calculated with
as ∆P = 8.27 × 10 −7 days, where P and ∆P are the orbital period and the amplitude of its variation, A and T are the amplitude and period of the O−C oscillation, respectively. The absolute parameters of AC Cnc determined by Kurochkin & Shugarov (1980) ; (2) Yamasaki et al. (1983) ; (3) Schlegel et al. (1984) ; (4) Zhang (1987) ; (5) Diethelm (1996) ; (6) Thoroughgood et al. (2004) ; (7) Dvorak (2005) ; (8) Krajci (2006) ; (9) The present. Thoroughgood et al. (2004) are: M 1 = 0.76 M , M 2 = 0.77 M , R 2 = 0.78 R , and a = 2.21 R . By using the equation (Applegate 1992; Lanza et al. 1998 )
the required variation in the quadruple moment (∆Q) was computed as ∆Q = 1.11×10 49 g cm 2 , in order to reproduce an orbital period change of ∆P = 8.27 × 10 −7 d. During the computation, Applegate (1992) assumed the shell (the convective envelope) mass as M s = 0.1 M ; however, this is inappropriate for AC Cnc. As was done in the case of NN Ser by Brinkworth et al. (2006) , we split the whole star into an inner core (described as 1) and an outer shell (described as 2). For each shell mass, the energy required to cause the observed period change was calculated and the results are shown in Fig. 4 where the required energy ∆E is plotted as a function of the mass of the outer shell M s (Fig. 4) . If we take the temperature of the K2-type component star as T 2 = 5000 K (Cox 2000) , its total radiant energy in the time interval of 16.2 yr was computed as E 2 = 7.60 × 10 41 erg. As we can see from the figure, when M s < 0.0561 M , or M s > 0.5631 M , ∆E is larger than E 2 . A minimum value, ∆E = 1.80 × 10 41 erg, was found when M s = 0.2347 M . Thus, we could discover that Applegate's mechanism for the K2-type component may have difficulty for Kreiner et al. (2000) . Open circles refer to photographic observations and solid circles to photoelectric and CCD data. The solid line represents a long-term decreasing of the orbital period.
explaining the observed period oscillation, since the required minimum energy is too high when compared with its total radiant energy in the time interval of 16.2 yr, i.e., ∆E minimum /E 2 = 23.7%. 
The presence of a tertiary component
Since it may be difficult to use Applegate's mechanism to interpret the observed period oscillation of AC Cnc, a more plausible explanation of the periodic change in the orbital period is the light-travel time effect via the presence of a tertiary component (e.g., Borkovits & Hegedüs 1996) . As displayed in Fig. 3 , the sine-like variation in the O−C curve suggests that the eccentricity of the orbit of the tertiary component is close to zero. The projected radius of the orbit a 12 sin i of the eclipsing pair rotating around the mass central of the triple system was computed with the equation
where A 3 is the amplitude of the O−C oscillation and c the speed of light. Then, a calculation with where G and P 3 are gravitational constant and the period of the O−C oscillation, leads to a very small mass function: f (m) = 3.5(±0.8) × 10 −4 . The values of the masses and the orbital radii of the third component were estimated by using the equation
The relation between the orbital inclination and the mass of the tertiary component is plotted in Fig. 4 . As shown in this figure, the tertiary component should be a cool M-type dwarf star, unless its orbital inclination is extremely low, i.e., i < 10 • .
Magnetic braking of the secondary component
The general trend of the (O−C) 1 curve displayed in Fig. 1 indicates that the period of AC Cnc is decreasing continuously at a rate of dP/dt = −1.24(±0.44) × 10 −8 days/year. Since the mass of the secondary M 2 is only slightly higher than that of the primary M 1 (M 1 = 0.76 M and M 2 = 0.77 M , respectively), the mass transfer from the lobe-filling secondary to the primary is not sufficient to cause the long-term period decrease. Tidal friction in a close binary can cause relatively rapid rotation, so that cool components in such a binary are presumably liable to stronger stellar wind than are single cool star. As a consequence, the binary can be subject to orbital angular momentum loss. Both the mass loss and the angular momentum loss may cause the orbital period reduction at a steady rate. Therefore, a plausible explanation to the period decrease in AC Cnc is the magnetic braking of the K2-type component.
According to Tout & Hall (1991) , the relative rate of period change of a close binary containing a cool component iṡ
where M 1 , M 2 , and M are the masses of the primary, the secondary, and the total mass;Ṁ t is the mass loss rate from the whole system andṀ the rate of mass transfer between both components. The first term on the right-hand-side represents the stellar mass loss and can only cause an increase in period ifṀ t is negative. For AC Cnc, it can be ignored, because the mass loss from a low-mass binary is usually very small. The second term describes the mass-transfer contribution to the period change, and it can cause a decrease in period if the mass transfer is from the more massive component to the less massive one, but here it is also negligible because the mass of the secondary M 2 is close to that of the primary M 1 . Finally, the third term indicates an additional angular momentum loss due to the co-rotation of an enhanced magnetic stellar wind, which may be the main cause of the period decreasing of AC Cnc. It is given by the equation (Tout & Hall 1991) 
where a and R A are the distance between both components and the Alfvén radius, respectively.Ṁ 2 refers to the mass loss from the K2 component. Therefore, Eqs. (10) and (11) can be combined to givė
A calculation with Eq. (12) leads to: R 2 AṀ 2 = 3.72 × 10 −8 , in units of R 2 M /year. The corresponding relation between the Alfvén radius R A and the mass-loss rate from the K 2 component is displayed in Fig. 6 in order to produce the observed period change by the magnetic braking.
By considering mass loss in an enhanced stellar wind, Tout & Eggleton (1988) proposeḋ
For the nova-like cataclysmic variable AC Cancri, the K2 dwarf is filling the critical Roche Lobe, i.e., R 2 = R L2 . The massloss rate was computed asṀ = −1.38 × 10 −9 M /year. In this case, the required Alfvén radius should be R A = 5.2 R (Fig. 6) . If the Alfén radius of the K2 dwarf secondary is the same as that of the Sun (i.e., R A ∼ 15 R ), its mass-loss rate should beṀ 2 = −1.65 × 10 −10 M /year.
Conclusions
AC Cnc is a nova-like CV containing a white dwarf and a K2-type main-sequence component. The masses of both Fig. 6 . The correlation between the Alfvén radius and the mass loss rate for the K2 dwarf of AC Cancri in order to cause the long-term period decreasing by magnetic braking. The solid star refers to a position where the same Alfvén radius as for the Sun was taken (R A = 15 R ), while the solid square represents the enhanced mass loss rate of Tout & Eggleton (1988) .
components are nearly the same. The changes in the orbital period of the eclipsing binary were analyzed based on one time of light minimum obtained with the 1.0-m telescope in Yunnan observatory, together with the others compiled from the literature. It was discovered that the period shows a cyclic change with a period of 16.2 yr, while it undergoes a long-term period decrease at a rate ofṖ = −1.24(±0.44) × 10 −8 days/year. Two physical mechanisms -Applegate's mechanism and the light-travel time effect via the presence of a tertiary component -are proposed to explain the period oscillation. It is shown that Applegate's mechanism may have difficulty causing the cyclic period variation because of the energy problem. The cyclic period oscillation may reveal the presence of a cool M-type dwarf in the system.
Since the masses of both components are nearly the same and the mass of the K2-type lobe-filling component M 2 is only slightly higher than that of the white dwarf component M 1 (M 1 = 0.76 M , M 2 = 0.77 M ), the mass transfer from the lobefilling secondary to the primary is not enough to cause the longterm period decrease. A plausible interpretation of the period decrease is the magnetic braking of the K2-type component. To produce the observed period decrease, the value of R 2 AṀ should be R 2 AṀ = 4.02 × 10 −8 . The corresponding relation between the Alfvén radius and the mass-loss rate from the K2 dwarf is displayed in Fig. 6 . It is found that the observed period decrease can be explained by the enhanced stellar wind proposed by Tout & Eggleton (1988) . We have concluded that we may observe a genuine angular momentum loss via magnetic braking in the nova-like CV, AC Cnc, which is thought to drive the long-term evolution of CV binary stars. In this case, the required Alfvén radius in the K2 dwarf star is R A = 5.2 R . However, with the physical parameters derived by Thoroughgood et al. (2004) , the angular momentum loss (AML) rate is determined to beJ = −4.16 × 10 52 g cm 2 s −2 , which is more than an order of magnitude higher than the standard treatment of AML from magnetic braking in these systems (Rappaport et al. 1983 ) and six orders of magnitude higher than AML rates implied from open cluster data (e.g., Andronov et al. 2003) . It is possible that the long-term period decrease is only a part of a long-period (>100 yr) oscillation caused by the presence of an additional body. In order to check this, new times are required for the light minimum in the future.
